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COMPARISON OF CALCULAT&D AND EXPERIMENTAL PROPEULER

CHARAOTEKUM?ICS FOR FO&-, S~-, AND EIGHT-B* .

-.k3~-ROTAITm. motium9

By John L. Crigler
,.

SUMMARY ..

The calculated performance of four-, sIx-, and
eight-blade single-rotating propellers has been compared
with experimental results for blade angles ranging ftiom .
25° to 65°. .The experimental data were obtained on “
propellers mounted In front of a streamline body with a
spinner housing the hub. The calculated propeller per-”
formance was found to be in good agreement with the ~
experimental results over the complete range of blade
angle Investigated. The method of calculations is pre-
sented’in detail and a sample oomputatlon Is incl’hded.”

IiJTROtiCTION .

T’heselection of a propeller for a new airplane”
design may be based on either wind-tunnel test data or
theoretloal oalculat%ons. If test data are used,
empirical corrections are a~lled, if required, for
changes In number of blades, activity faotor, blade
thickness, airfoil section, Mach number, and body shape.
If these eznplricalcorrections are large, they become
the detemd.ning factor in seleoting the propeller for
the design applioatlon. The sele~tlon df propellers
based on theoretical calculations has been open to con-
siderable question because the theary strlotly applies

a.- 0 only-to the id@Q&a@..p~QP@J&Ae Fr.pm$Ima to time
calculated resfits hhve been compared w~%h’’b~perlment=lL “
data Xor a few blade amgles,.but a compart.sonover a
wide range Of b~ade angle for a propeller operating.at .
oondltlons giving notiptlmum load.distributionhas been -
lacklng. ,
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A method O? “&alyals la
culated results are compared

“presentedin detail and cal-
with experimental results on

single-rotating propellers of four, ~ix, and eight blades
for blade-angle settings of 25° 35°, 45°, 55°, and 65°
at the 0.75 radlu.s. The prope!.lertest-s(references 1
and 2) of the Hamilton Standard propeller 3155-6 afford
an excellent opportunity for making such a comparison.
On this test setup the lnterferenc”edrag was small,.the
veloclty distribution In the plane of the propeller was
approximately free stream, and the airfoil section char-
acteristics were available for the test Hach numbers.
This information perm$ttieda direct check between pro-
peller theory and experlnental results wlthout”the use of’
empirical corrections.

The method of calculations is based on the propeller
theory as used by Lock. The correction factors for a
flnlte number of blades as obtained from Goldstein (for
the two-blade propeller and extended by Lock far other
blade numbers) are strictly limited to a very light
loadfng and to a particular distribution of circulation
along the blade. For Mis re8son there has been some
heslt~cy Inuslng the Goldstein corrections for any other
distributions of loading. The optimum distribution of
loading is herein compa;ed with the actual distribution
for the Hamilton Standard propeller 3155-6 at a number of
operating conditions. The degree to which the calculated
and.experimental propeller characteristics agree over the
entire range of blade angle is an indication of the
validity of the correction factors.

SYMBOLS

.a

B

b

CD

CL

Cp”
. .

axial-velocity interference factor

number of propeller blades

chord of propeller blade element

section drag coefficient

(

Do/’#P@b) ~

section lift coefficient
)

L/+&

power coefficient (P/pn%5 ) “ .’
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th~-l~toobff~cient

pr~peilei diameter

::(WPW) ~.. ..... . . .
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(T/,r?fi)

drag of blade eltient

Goldstein corre.ction.faotcm for finite nuber of
blades

.. thlclmqss of propeller blade element

.

x ..

a

P“
7

m. .-

6

e

.

adv”ance-dl&eter rat$o .(V/nD)“.

lift of bl&de section . .
. .

rotational speed of propeller, revolutions per ~
second

.-
geometrlc pitch of propeller

input power of propeller “

torque of propeller .

radlps tb any blade element

P

, tip.radltis .

thmist of propeller .

“tilalvelocttj of propelier:- .

radial location of.blade element. (r/R] ~

angle of at-tack “
. . .,

propeller blade amgle at 0.75 radius
i

CD . . . . . .
~“tm:lm . . “ . ,’” , “

J.. . :’4. . ...’..-. .-
Smgleof” inflow’ (6+):” . .“.’.- ;.-: “- ,’:,, . .. .
prapell& bl;de angle at.radius r: “

. . . .-, .0
mass denf31tyof!air . . . . .

I



4. .

0 propeller“element-solid%ty (Bb/2W). .. .. .,

60 angle of advance of propeller
(tan-’a “’

$ angle of resultant velocity t.oplane of rotation

n propeller or element efficiency .

BASIC DATA AND METHODS

The characteristics for the airfoil sections from
x = 0.45 to x = 0.95 given in figures land 2 were
taken from reference 3. The section at the 0.45 radius
is a modified Clark Y section and the sections from the .
0.6 radius to the tip are Clark Y sections. Data for
the section thlcicnessesused were obtained by cross
fairiag. The.section at x = 0.3 was arbitrarily given
a CD gf 0.10 and a slope of lift curve of 0.045 per
degree with zero lift at a =OO. The charaotaristics at
x = 0.3 are only approximate but, sines the torque absorbd
at this radius Is small, tha usa of t~ese characteristics
is consldsred satisfactory. Inasmuch as the averags spin-
ner radius for the experimental results of references 1 and
2 was 0.21R, the calculated curves prssented heretn were
cut off at the 0.21 radius, although the section at the
0.2 radius was computsd to aid in fairing the curves.
The section at the 0.2 radius is almost circular and was
assumed to operate at zero lift and constant CD of 0.40

The method used for computing the element thrust and
element torque coefficients is given in detail with a
sample computation. The following data are”required:

(1) The~propeller blade plan”form and pitch distri-
bution (fig. 3) .. .. .

(2) The numbqr o! blades

(3) The lift and drag characteristics of the blade
sections at each radius (figs. 1 and 2)

Element calculations can be mada for as many radii as
desired. In
angle at each
qtired. The

making these element calculat~ons the blade
radius and,$he ,operating V/~. are re- “
procedure at radius x follows:
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b
(1] Obtain & from,.-: . . ,-..-!.... . . -. .,-.---

60 =.tin-l W&m

.,

(2) Ubtdn a + c f’rcim ‘ “

where 0 is the bl~- angle at the ohosen radius.
,--rmfi ~.-oe a=e -#t

(3) Aaaume avalue of . ad and obtain the oorre- .
spending value of CL from airfoil section character-
istlos.

{4) Find E from the formula
J

‘ )

‘an’=*

using: 40, Instead of ~, and F obtained from to

$
lves an approximation to 6. “Usi@ ~ equal to
O+e approx gives a second approximation to ~. The “

value of E is thus found by successive approximations, -
but the second approximation usually gives c to the
desired degree of accuracy. (Fig. 4, taken from refer-.
ence 4, may be used in fin lng

1?
c instead of solving

the equation tan c =
-uL

In thiq figure,
~“ . .

c Z8

given in te?mm of nDx/V and” aC@ Instead of as a
function of @. In this case the first approximation “

{is usually sufficiently a~cura e, the only approximation
being the use of F. based on & instead of $.)

refeJ~~gwte~lne ‘
F from figure 5 (data taken from

~
,where F is plotted.e.gal.n~t$.

(6) Repeat calculations of a and c .with the newb .,. assumed-‘“a“from step (3).and ylot .CK.~f31nSt ..s & ?.? . .
This plot aids in reducer@:calWlations beoause the value
of a + s that equals O - do gives the desired a
and ~a

.. .-. . .. . .,. .“ ..

. .

.“
..

1“
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(7] Find y fiOZll

CD “ “

‘& ~“”= q - ~

The final Iiorqueand thrust ooefflolents”are thus

Cot @-tally

-
L

The contributions of thrust and torque at the 0.2
radius were computed on the assumption that there was no
lift on this section. The value-of CL was accordingly
put equal to zero and the =Ial inflow was neglected in
the calculations. The element thrust coefficient

.

reduces to

and the element torque coefficient
. .

do
2 Bb@x (1 + a)2

‘m ~ih2$ (CL sin $.+ CD cos o

..’
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In “the‘use of the mb~od, coxnputatlcme
I for “thefour-bld~e.sthgle-rotating
Eamilton Standard 315$~6 blade set at .

45°,at the 0.75 radius md operating,ata V/nD of’ 1 ●ac .

The differential-thrust and the differential-torquedl.s-
trlbu~on from table I is plotted In figure 6. Curves
of this type were constructed and from them the calcu-
lated repeller characteristicswere made.

T
(See figs. 8

to 13. The range of the calculated curves is limited
to the stalling angles of the airfoil sections, the maxi-
mum allowable value of the lift coefflc”l.entat any section
being about 1.0. TMs value depends on the alrfofllsec-
tion and its thickness ratio. .

. . .
RESULTS AND D19CUS910N

The factor. F, which Is a correction for finite
number of blades as given by Goldsteln?s analysis, Is
derived for the case of a very light loading and a ‘
particular dlstrtbutlon of circulation alo~ the blade,
The suitability of tMs factor for cmnputlng the perfor-

1
mance of propellers with other loadings Is deteti.ned
by comparison with experimental results, The calculated
dlstrtbutlons of the element load coefficient for the
test propeller at several operating conditions are cOm-
pared In figure 7 with the optimum dfstrlbutlons from
reference 4. Although the distribution varies widely

b,. ~rornthe opttmum In many cases, notably at high values
of v/nD, .the”cbmputed propeller coefficients are,ln .
close agreement with the experimental values. It IS
therefore conoluc!ledthat the correction factors are
sufficiently accurate for practical propeller calcula-
tions●

1.
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The experimental propeller cbaracteristlcs of the ~o
single-rotating four- and six-blade propellers (refer-
ence 1) and of the eight-blade propeller (reference 2)
are compared with the calculated characteristics in
figures 8 to 13. Figure 14 is a composite of the thrust
curves for easy comparlsonc The agreement LS very good
in all cages except for the eight-blade propeller when
3 = 550 and 65°0

Figure 15 compares the expemhnental and calculated
efficiencies of the four-, six-, and eight-blade pro-
pellers over the entire range of blade “angle. AS would
be expected, the calculated values give smoothly falred
curves~ which show that the highest efficiency envelope
is obtained with the four-blade propeller and the lowest
efficiency with the elp>t-blade propeller. The experi-
mental curves show the same trends and the variations
between the two sets are considered to be within the
accuracy of the tests, the main discrepancy being at thp

.65° blade-angle settings.

CONCLUSION

The calculated and expertiental performances of four-,
six-, and eight-blade single-rotatingpropellers have been
compared. It 1s concluded from this comparison that the
perfomwance of a propeller can be accurately calculated If
the velocity distribution In the plqne of the propeller,
the propeller airfoil section characteristics, and the
propeller plan form are known.

Langley Memorial Aeronautical Laboratory, “
National Advisory Committee for Aeronautics,

~gley Field, Va. .
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TABLE1--COMl?Vl!A31011OFPR@ELLERT- AND T- COEFFIC~& :
o

~ [P = 45°; V/d) = 1..8;B = “4]

r“’-””””-”:”

x

().3
● 46
b6

*7
.8
.9
.96

~ 1
1● 9099 62 s36
1.2732 51.85

● 9549 43.6
.8185 39.3Q
.7162 35.61
.6366 32.M.
.6031 31.09

66.85 4.49
57.50 5.65
50.45 6.77
46.65 7.36
43.45 7.84
40.86 8.37
39.70 8.61

,212
.1935
.1681
.1380
.m41
.0717
.0541T

3.95 0.54 62.90
2.85 2.8 54.65
3.60 3.1 46.85
4.23 3.12 42.42
4.72 3.12 38.7$
,5.083.29 S5.77
5.06 3.55 34.64

F

1.091
“.917
.788
.696
.586
.422

.301T
~917’11477
.758 59.7
.762 77.0
.748 76.4
.773 75.1
.792 73.1
.78S 72.1

I I

I
1.S65Q 0.5117
.0168 .7094
.0130 .9374
.0131 1.0944
.0133 1.2469
.0137 1.5881
.0139 1.4474

0 .0061
.0502
..0900
.1088
.1217
.1201
.1058

‘0.0017
.1524
.2787
.3355
.3693
.5603
:3120

J

x G q) ~ (fixj2 Jl? ~2@

4 ‘aiip 1-‘)fi ~ dC@x . &/&:

0.2 0.255 0 ● 102 0.1571 0.395 1.907 “ 0,000!)9 0.0019 -0.0560

. . .
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I NACA Fig. 5b “



NACA Fig. 5C
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NACA Figs. 6,7a
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NACA Figs. 7b,c





NACA “ Fig. 9a
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NACA Fig. 9b
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NACA - Fig. lla
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NACA Fig. llb
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NACA . Fig. 13a



NACA Fig. l~b
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